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A pulee-'type  test  of  hearing  was  devised  for  m'sasuring  the 
temporary  hearing  loss  occasioned  by  the  exposure  of.  personnel 
to  hi(^-level  noise-  Pulses  of  white  noise  and  500-*;ycle  ton© 
were  reoorded  on  magnetic  tape  in  2-db  deeremental  steps,  and 
reproduced  in  a 64-eec.  testing  Interval,  (l)  The  tests  were 
sensitive  to  the  ten'porary  hearing  loss  incurred  thiou^  the  ex- 
posure of  ears  to  noise.  (2)  The  two  typos  of  pjdsns  apnarently 
appraised  different  aspects  of  the  hearing  function.  (3)  The 
test  had  to  be  administered  throu^  equivalent  forms  five  times 
for  ladoctr  last  ion.  (4)  The  test  correlated,  £ ==  *68  -*78,  with 
word  reception. 
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PRESS  REI£ASE 


In  a Joint  ptrogram  between  the  Uaval  School  of  Aviation  Medi- 
cine and  The  Ohio  State  University  a test  has  been  devised  for 
measuring  the  ten?>orary  loss  in  hearing  that  la  occasioned  by  ex- 
posing peraonnel  to  hi^-level  noise.  The  nclse  problem  that  was 
once  the  boiler  maker's  later  overtook  the  aircraft  pilot  and  now 
has  become  even  more  general.  Relative  measxirements  of  tho  tem- 
porary ioBB  of  hearing  can  be  obtained  in  64  naconds  in  the  Acoustic 
laboratory  of  the  School  of  Aviation  Medicine  at  Pensacola,  Florida. 
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directed  by  Professor  John  W.  Black  of  The  Ohio  State  University. 
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SIMtilRY 

Psii«#!=-type  hearing  tests  inclMde  as  a single  test  item  a cluster  of  "beeps"  that 
listeners  Identify  by  coimting.  A "count"  is  ri^t  or  wrong  and  iray  ocntrlbute  to 
either  a pasC'-fali  score  or  a qiiantitatire  scores  This  nrinciole  of  testing  was  e.a- 
ployed  in  the  construction  of  a test  for  assessing  the  temporary  hearing  loss  of  per- 
sonnel exposed  to  controlled  levels  and  spectra  of  noise  for  specified  times*  Pulses 
of  "white"  noise  and  500-cycle  tone  were  emxloyad  in  a series  of  2 db  decreraental 
steps*  1*  The  f pulsen  meanuie  different  aspects  of  the  hearing  function* 

2*  Five  administrations  of  eaiilvalent  forms  of  the  test  are  required  for  indoctrina- 
tion, 3.  A deviation  up  to  0,7  do  in  aour*d  pressure  level  seems  to  be  "expected" 
in  the  preparation  and  administration  of  the  tape-recorded  test  and  to  be  evident  in 
diurnal  variations  of  scores. 

The  test  was  adapted  and  coupled  with  a muitiple-olioiee  word=rcocption  test  and 
both  were  compared  with  more  conventional  pulse-type  tests.  The  two  conventional  tests 
were  found  tc  be  more  similar  to  each  other  than  to  the  present  pulse  test.  The  pulse 
test  was  more  closely  relateii  to  factors  involved  in  word  reception  than  wore  ths  ccm= 
parison  tests* 


INTRCDUCTION 

The  temporary  damage  to  hearing  that  results  from  the  exposure  of  listeners  to 
hi^  Revels  of  noise  has  been  measui  ed  and  reported  by  (4)  and  more  recently 

by  Ruedl  and  Purrer  (8),  A comprehensive  siimmary  ^jf  related  work  has  b.?er2  provided 
by  Kryter  (6),  Tlie  investigations  by  Davis  and  Ruedl-Furrer  employed  sophisticated 
subjects  arid  relied  uron  audiometers  for  measuring  the  threshold  shift  and  the  pro- 
gress of  the  recovery  of  hearing.  The  levels  of  environmental  noises  ranged  from 
110  to  130  db,  and  the  exposure  times  from  1 to  64  minutes.  Davis'  original  report 
included  related  data  concerning  decrements  in  word  reception  scores  (articulation 
tests)  that  resulted  from  exposure  to  noise* 

One  of  us  (2)  reported  that  when  experimental  subjects,  wearing  conventional 
military  headsets  (HS-33),  were  exposed  to  110  db  of  simulated  propeller-type,  air- 
plane noise  for  two  hours,  the  listeners  talked  "naturally"  with  5 db  greater  sound 
pressure  level;  also  that  both  this  effect  and  the  recovery  from  ip  were  related  to 
the  listener-speaker's  threshold  shift  at  500-cycles  per  second  (c.p.s*)— the  only 
test  signal  that  was  employed*  This  tone  was  presented  to  the  subjects  at  ■three- 
minute  intervals  subsequent  to  the  exposure  to  noise. 

The  manufactiffers  of  naval  aircraft  are  permitted  the  following  tolerances  in 
noise  specifications  for  the  cockpit;  overall  level,  cruising  100  db,  climbing  110 
db,  -baking  off  115  db;  and  In  spectrum  the  level  of  the  band  75-150  c.p.s.  must  not 
exceed  94?  of  the  total,  the  band  600-1200  must  not  exceed  845^  of  the  total,  and  the 
band  24OO-48OO  iy%  of  the  total.  Flight  T'^rsoanel  are  expected  to  wear  headsets  or 
helmets  that  contain  earphones.  These  attenuate  the  noise  level  at  the  ears  of  the 
operating  personnel  10—15  db  at  1000  c.p»s, 

Tne  ultimate  objective  of  the  present  study  was  to  appraise  the  teraccrary  damage 
to  the  hearing  of  flight  personnel  that  might  result  from  single  exposm*ss  of  varying 
dp.ration  to  noise  of  spectra  and  sotind  pressure  ie'/ej.s  relevaut  to  the-  rpccif icatipus 
i,7iinediately  above.  The  immediate  objective  was  to  devise  a test  that  could  be  ad- 
ministered in  corjiectiori  vith  a sUidy  of  "the  effects  of  noise"  and  that  would  1, 
give  an  indication  of  the  threshold  oliift  of  several  hundred  experimental  subjects, 
not  sophisticated  in  taking  hearing  tests,  2.  permit  a measurement  of  the  momentary  state 
of  hearing  with  a minimum  interri^pti on  of  the  exposm-e  of  the  listeners  to  surrounding 
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noise,  and  3.  be  apnllcabl#  to  groupe  of  any  nviinber  of  experimental  subjects.  No 
clinical  application  of  the  test  was  envisaged. 

Several  testing  isrocedures^aodlflcatlonB  of  standard  group  audlcsaetric  asethods — 
were  tried  In  preliminary  trials.  All  were  comprised  of  groups  of  pulses  that  were 
recorded  on  magnetic  tape  and  reproduced  blnaurally  over  military  headsets  (KS-33)  to 
listeners  diirlng  brief  interruptions  In  their  exposure  to  hi^-level  noise.  The  pulses 
in  different  trial  forms  of  the  test  were*  white  noise,  vrtiite  noise  throu^  a loOO 
c.p.s.  low-paes  filter,  white  noise  throu^  a 1600-2400  c.p.s.  hand-pass  filter^,  white 
noise  throu^  a 2400  c.p.s.  hi^-pase  filter;  the  otticut  of  a sweep-frequency  oscilla- 
tor iji3der  the  same  three  conditions  of  filtering;  and  tones  of  125  , 250,  500,  2000, 

4000,  6000,  and  ^)00  c.p.s.  Initially  the  pulses  were  of  six  levels  of  sound  pressure 

with  IncroBental  steps  of  two  db.  Bach  pulse  was  0.1  nee.  in  dm-atlon;  there  were 

2-4  pulses  in  a group;  the  period  between  successive  pulses  was  0.25  sec.;  and  the 

period  bet-weeu  the  final  pules  in  a series  and  the  voice  signal  that  introduced  tb.e  ? 

next  item  was  1 see. 

Audiogi^as  were  secured  from  50  normal-hearing  nole  experimental  subjects  at  the 
outset  of  a preliminary  experimental  session  and  again  after  exposure  (wearing  headsets) 
to  appiroxlaatcly  tve  heiars  of  simulated  aircraft  noise,  propeller  type,  110  db.  The  : 

audiometers  were  used.  The  subjects  remairAsd  in  the  noise  until  called  for  their  ; 

second  audiometric  teete.  The  first  two  subjects  were  tested  after  115  min.  of  ex- 
posure to  noise.  Rank  order  correlations  were  computed  between  the  hearing  loss  of  the 
better  ear  after  erpnaTire  to  noise  (A.M.A,  computational  procedure)  and  sores  ca  the 
poet-noise  binaural  pulse  tests.  The  500  c.p.s.  tone  and  the  \^ite— noise  iesl*?  WeVv 
selected  as  yielding  fair  indications  of  the  extent  of  noise-induced  threshold  shifts 
ansong  the  experimental  subjects.  These  two  tests  were  refined  with  resoect  to  pre- 
sentation and  method  of  response  and  subjected  to  more  detailed  study. 

Both  tests  were  extended  to  10  levels  (2  db  steps)  and  wars  recorded  in  six  forms 
fer  series  of  different  numbers  of  pulses.  The  grours  of  pulses  verc  recorded  in  de- 
scending order  of  sound  pressure  level,  with  the  hipest  level  of  output  to  the  service 
headset  (designated  either  AJIP-1  or  PIft-3  earphone)  being  3.6  millivolts. 

’directions  for  -the  test  were  not  recorded,  but  were  given  orally  to  each  group 
Just  before  administration  of  the  test. 

You  will  hear  a niJiaher  of  beeps  or  pulses  or  bursts  of  sound.  These  occur  in 
groups.  Write  down  the  number  of  beers  that  you  hear  in  each  group.  All  you 
need  to  know  is  that  the  up-and-down  spaces  on  this  answer  sheet  are  called 
cnlwwfis  and  the  left-to-rl^it  spaces,  rovy.  You  will  go  across  the  page  two 
times  each  time  the  test  is  given.  Listen  carefully;  keep  perfectly  quiet. 

Put  on  your  headsets. 

The  recordings  included  an  announcer's  voice  recorded  at  a censtAnt  level  that 
paced  the  test. 

Stand  by  for  test  onej  row  one,  column  one  ccluiun  two  ...,  cclusn  three 

...  column  ten  ...;  stand  by  for  row  twos  ccluan  oue  ...,  colvimn  two  ... 

column  ten  ... 

The  speech-to-signal  ratio  at  ths  hl^sct  stimulus  level  was  5 dh.  Freciaion  of 
timing  was  accomplished  by  editing  and  splicing  the  tape.  A cathode-ray  oscillograph 
indicated  that  no  pre-signal  transients  that  approached  sigriftl  level  were  introduced 
by  this  nrocess.  Administration  time  for  the  test  was  64  sec. 
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PROCEDURES  AND  RESULTS:  Hearing  Leas  vdtb  Noise 

SsTsa  group*  r-f  experimental  Bubjects  were  exposed  to  110  db  of  noise.  Each  group 
of  12  Male  na'val  pilot  or  technical  training  personnel  was  sub-dividod:  fot>r  tremhers 

wore  no  headset;  four  meaberB  wore  a headset  with  earphones  over  both  ears;  and  four 
wore  a headset  cocked  on  the  head  in  a manner  to  cover  or  protect  only  one  ear,  Thiia, 
there  were  28  subjects  in  each  of  the  throe  conditions.  The  testing  occurred  in  a soiond 
treated  and  acoustically  isolated  room  that  had  a minimum  noise  level  of  27  db  (General 
Radio  meter,  A scale)  and  an  Isolation  attenuation  of  55  db.  The  room  contained  inter- 
phone stations  with  hendseta  anci  tablet  armehalrs,  end  the  loud-opeakers  of  a system 
that  generated  aircraft-type  noise  ur  to  132  db. 

An  experimental  session  lasted  137  min.  The  session  began  with  admlnistraticas 
of  the  pulse  tent,  one  for  practice  and  one  for  a nre-nolse  score.  Then  the  iistenere 
sat  in  no  ub  of  aircraft-type  noise  (Harvard  generator)  for  120  min.  The  subjects 
who  wore  headsets  heard  resrond.ed  to  two  listening  tests  (vord  reception)  during 
each  15  min,  of  the  session.  At  the  end  of  a 15-min.  period  the  noise  was  turned  off 
for  64  sec,  durjiig  which  time  all  of  the  eubjects  wore  headsets  and  took  the  pjlse  test. 
Subsequent  to  the  two-hour  (less  seven  64"S®c,  interruptions  for  testing;  expCiStire  to 
noise  the  subjects  took  the  t<ulsc  test  five  times  at  three-min.  intervals  dui’ing  a 15" 
win,  terminal  "quiet"  period. 

The  data  for  each  condition  of  expostire  to  noise  were  analysed  soi:aratcl7  in  a 
triple  analysis  of  ’"Hrlance,  These  analyses  are  siunmarized  in  Table  .1,  The  mean 
number  of  errors  thut  attended  each  administration  of  the  test  is  indicated  in  Table  2 
and  is  plotted  in  Figure  1, 

The  analyses  of  variance  (V)  that  are  siurunarlzed  in  Table  1 show: 

1,  Successive  administrations  of  the  test  yielded  different  scores 

(VT/Vipj^), 

2,  Tne  two  types  of  pulses  were  not  reacted  to  alike  by  different 

listeners  • 

3,  The  two  types  of  pulses  showe-i  hl^ly  si^ificant  differences  in 
mean  values  in  the  no-heariset  condition  vVfA'RxS ) . 

4,  The  two  types  of  pulses  wexc  responded  to  dissimilarly  throu^ 
successive  trials  In  the  one-headset  condition  (VtxP/^TxPxS) • 

5,  There  were  differences  of  scores  among  listeners. 

The  arrays  of  mean  values  in  Table  2 somewhat  explain  the  analyses  of  Table  1, 
Considered  together  the  two  tables  Indicate  that  1,  The  test  measured  a threshold 
shlf'o  among  the  subjects  with  exposure  to  noise  and  a subsequent  recovery.  2.  The 
test  showed  the  "recovered"  hearing  to  be  superior  to  the  "original"  hearing.  This 
is  Interpreted  to  mean  that  the  listeners  were  more  practiced  or  "test-wise"  at  the 
conclusion  of  the  experimental  period  than  at  the  outset.  Thus,  greater  familiarity 
or  practice  with  the  test  before  making  experimental  measurements  is  indicated,  3. 
Ttider  an  assumption  that  the  final  scores  of  Table  2 were  better  indications  of  tiie 
mean  detection  threshold  of  the  listeners  than  were  the  initial  scores,  the  mean  loss 
of  hearing  that  attended  exposiire  to  noise  when  at  least  one  ear  was  protected  by  an 
earphone  was  approximately  i,5  steps  test  or  ?.ppr«iximately  3 db.  With  both 

ears  exposed,  the  loss  was  greater,  as  much  as  2,8  steps  or  approximately  5*b  db 
(noise),  (This  assumption  discoxmts  the  possibility  that  the  mean  state  of  hearing 
was  tismporarlly  improved  by  recovery  from  the  noise  experience,)  4.  The  test 
yielded  gieat-r  values  of  threshold  shift  when  two  ears  were  exposed 


and  greater  cihifts  vhen  one  was  exposed  than  when  neither  was  "open."  This  was  to 
be  expected  and  is  interpreted  to  relate  to  the  validity  of  the  test,  5,  The  thresh- 
old shirt  iii  tne  lio^isads  et  condition  as  measured  by  the  pulses  of  noise  was  signifi- 
cantly greater  than  the  shift  measured  by  the  500  c,p,b«  puloes.  This  result  was 
peculiar  to  the  condition  and  is  Intorpreten  as  ascisrance  that  the  two  parts  of  the 
test  do  not  measure  the  same  aspect  of  the  hearing  function.  Further  assurance  of  this 
arises  from  the  observation  that  the  two  signals  are  responded  to  differently  when  they 
era  conveyed  by  dissimilar  equipments.  This  fact  ie  exploited  in  the  testing  of  alter- 
native headsets.  For  example; 


Headset  1 


Headset  2 


SOO-cps  pulses 
Vhite-noise  pulses 


56,2 

69.3 


55.1 

42.6 


The  vslues  are  percent  correct  scores.  In  other  words,  the  two  headsets  ware  similar 
in  the  capacity  to  transmit  the  tone  pulses  but  differed  In  their  capacity  to  convey 
the  noise  pulses  audibly  (N,  subjects,  24),  One  impor'i.  of  this  result  is  that  while 
pooled  scores  of  the  two  rarts  of  tno  lest  loay  have  some  value,  seperato  scores  muot 
also  be  computed,  hi  the  course  of  these  studies  Hirsh  and  Ward  (5)  reported  substan- 
tial bounces  in  the  auditory  thj'eehold  after  exposure  to  tone  and  noise.  It  is  noted 
that  the  mean  error  score  for  both  types  of  pulse  increased  in  the  "headset"  condition 
between  the  end^f -noise  measiu'e  and  the  3-^nln,  post-noise  measinre. 

The  significant  interaction  between  trials  and  tvne  of  rulae  in  Table  1 appears  in 
Figure  1 as  a crossing  and  re-crossing  of  the  two  plots.  There  is  no  present  explanation 
for  this  result.  Nor  is  there  any  explanation  for  the  anamalous  fact  that  listeners 
who  wore  a headset  thr-ouj^icut  made  more  errors  than  the  listeners  who  had  one  ear  paro- 
tected  with  one  earphone,  Ho*/ever,  this  result  is  in  keeping  with  data  that  are  being 
aecufflulatsd  by  Dr.  J<^  J.  0*Nelll  (Chlo  State  University),  which  seem  to  indicate  that 
noise  fed  to  one  ear  apparently  improve?  the  subsequent  acuity  of  the  contralaterul  Mir. 

A PRACTICE  EFFECT  WITH  THE  TEST 


One  indication  in  the  preceding  results  was  that  lieteners  tended  to  In^arove  their 
scores  with  repeated  experiences  with  the  testa.  This  was  suggested  throu^  the  eix- 
cumstanee  that  final  scores  were  lower  than  initial  error  scores.  To  quantify  this 
effect  10  grempe  of  12  eX|'>erlmental  subject*  eacih,  all  NROTC  personnel,  were  given  the 
test  15  times.  There  were  11  panels;  however,  panel  11  repeated  the  test  10  times  in- 
stead of  15  and  is  not  included  in  the  piresent  treatment.  The  successive  administrations 
to  a single  group  were  without  interrurition.  The  pxjsitlon  of  a listener’s  headset 
(RS=33)  was  not  altered  during  or  between  the  tests.  The  10  panels  were  tested  on  suc- 
cessive working  days.  The  mean  nufflibers  ef  right  scores  for  the  repieated  tests  are  en- 
uaersted  in  Table  3 and  entered  graphically  in  Figure  2,  Tnese  values  are  the  mean  re- 
epx>nses  of  panels. 

The  data  were  arranged  in  a natrlx  for  a tripsle  analysis  of  variance  with  columns 
repsresentlng  successive  trials;  sub-columns,  noise  ard  tone;  rows,  panels.  The  o»s.n 
score  of  each  panel  on  each  porticn  of  the  test  was  entered  as  a basic  measure  for  th« 
analysis.  The  results  of  the  analysis,  vunmerized  in  the  first  column  of  Table  4, 
showed  that  an  assumption  of  "no  difference"  among  the  mean  scores  on  successive  trials 
could  be  rejected.  Figure  2 suggests  that  the  scores  subsequent  to  Trial  5 ml^t  be  the 
same.  Relevant  tests  are  described  in  the  next  section. 


Tlia  iOTiedlatft  aignificance  cf  the  effpct  of  practlco  on  the  scores  of  the  test  is 
the  implication  that  experimental  subjects  must  be  administered  the  pulse  test  at  least 
fire  times  as  an  indoctrination  exercise  before  a first  experimental  measure  is  obtained 
in  a session.  Six  forms  of  the  test  (different  programming  of  the  mimbers  of  pulses) 
me.Ve  this  feasible.  This  result  applies  when  a group  of  subjects  yields  a single  score, 
(it  might,  obtain  also  in  clinical  situations  whc-^e  a pulse-type  test  is  often  employed 
as  a screening  device  to  detect  individuals  with  a hearing  loss;  also  in  selections 
tests — sea  I^rt  II.) 


r 


RSLIABILITI  OF  'HiE  TEST 

The  analysis  that  Is  sumi'-arlzed  in  column  1 of  Table  4 prompts  questions  at>out  the 
reliability  of  the  pulse  test.  In  view  of  the  fact  that  the  two  types  of  pulses  relate 
to  different  aspects  of  the  hearing  function,  no  attempt  was  made  to  equate  exactly 
the  responses  to  Lhe  noise  and  tons  portions  of  the  test;  thus  the  signiflc.ant  differ- 
ence that  Is  indicated  in  Table  4 between  the  sets  of  scores  for  the  noise  and  tone 
portions  was  expected.  The  mean  dlff'erence  between  the  two  scores  is  approximately  1.5 
scale  units  (of  10).  As  discussed  above,  a practice  effect  was  known  to  operate  among 
the  early  successive  administrations — possibly  the  first  five — of  the  test;  thus  signi- 
ficant variance  in  cojmection  with  trials . as  shown  in  column  1 of  Table  4>  was  an- 
ticipated, Tus  disquieting  features  o*'  the  analytic  that  is  summarized  in  colontT?  1 of 
Table  4 were  the  significant  variances  attributable  to  1,  panels  and  2.  the  interaction 
between  panels  and  noise-tone.  When  the  data  were  viewed  with  these  Vwo  apparent 
anomalies  in  rairu.i,  it  was  noted  that  the  first  three  panels  responded  inconsistently 
vith  the  rsTsilnlng  seven  js.nels.  The  earlier  panels  hAsed  n higher  prouortion  of  the 
noise  sxgnaxs  uonw  sx^xiaxc  s i'ssMocuxvyxy  * r^snaj  nx^ig  panel* 

Identified  the  tone  signals  the  more  frequently:  means,  ?.0  and  4.4  respectively.  This 

letter  relationship  is  in  line  with  subsequent  experience  when  the  test  is  taken  before 
the  listeners  are  exposed  to  noise.  Under  an  assumption  that  sorae  experimental  error 
occurred  in  the  administration  of  the  test  to  panels  1-3,  the  data  pertaining  to  t><ese 
panels  were  arbitrarily  removed  from  the  matrix  and  a second  analysis  perfonited.  This 
analysis  Is  summarized  in  column  2 of  Table  4>  The  "selected"  data  continued  to  ex- 
hibit, in  lesser  degree,  the  erratic  ciiaracterlstics  of  the  mors  complete  analysis. 

Data  were  further  "selected"  so  as  to  remove  some  of  the  TOriance  presumably  attri- 
butable to  inexperience  by  eliminating  Trials  1-5  for  all  panels.  The  emalysis  of  the 
remaining  date  ie  s’^immarised  in  the  right-hand  column  of  Table  4*  This  analysis  was 
more  reassuring.  It  Indicated  that  for  a single  panel  the  mean  scores  among  successive 
trials  did  not  ■va.ry  significantly  if  tha  results  of  the  first  five  trials  were  con- 
sidered to  be  iaflootrinatisn  and  not  included  in  the  analysles  Th1»  stawM  of  "selection" 
of  the  matrix  also  reducod  the  interaction  variance  between  panels  and  nolse°tone  to 
approximately  a chance  occurrence.  It  left,  however,  the  obvious  Implication  that  panels 
(successive  days)  were  responding  to  the  test  differently.  The  resoective  means  for 
the  trials  ar.d  panels  under  discrieeion  follow: 

Trials  Based  on  I'^ean  Correct  Scores  for  Panels  4-10 
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The  '^ata  cf  Table  4 reaP'-uring  throughout  in  the  aimll  fraction  of  the  total 
variance  that  vas  unsystematic  and  not  accounte^l  for  by  the  three  'louble  analyses  that 
were  subtended  by  each  triple  analysis.  This  implied  the  rossibillty  that  each  tline 
the  test  was  used  it  was  operating  reasonably  well.  Uncontrolled  factors  apparently 
lay  in  the  administration  of  the  test.  It  remained  to  locate  the  source  of  these 
differences. 

As  a further  inquiry  into  the  "behavior"  of  the  pulse  test,  a single  panel  of  nine 
members  took  the  test  12  times  on  each  of  seven  successive  days.  An  analysis  of  the 
data  from  this  panel  was  performed  in  the  manner  described  Immediately  above  In  con- 
nection with  the  responses  of  the  ten  panels,  The.'-e  tests  v;ere  to  exp>lore  specifically 
whether  or  not  indoctriaation  presentations  of  the  materials  of  the  test  were  indicated 
even  with  sopuis+ ^ cated  panels,  and  whether  panels  of  listeners  on  separate  administra- 
tions of  the  test  (days)  accounted  for  the  significant  varfations  among  panels  in  the 
analyses  of  Table  4,  The  results  of  the  analyses  of  the  administrations  to  the  same 
panel  arc  ounmarlsed  in  Table  5.  The  rertinent  mean  correct  score  follov?; 


Trials  Based  on  b’ean  Correct  Scores  for  Days  1-7 
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test  remained  somewhat  out  of  control  insofar  as  ylAlding  comparable  scores  from  one 
series  of  administrations  to  another  (da vs).  The  extreme  deviation  occurred  betv;een 
the  pi'osentations  on  iJay  4 (hi^i)  aiict  on  Days  2 aiiu  7 (low/,  T!ie  differences  among  the 
scores  for  these  days  were  equivalent  to  approximately  five  db  c'nanges  in  signal  level 
(2,5  test  ^inlts  ® 2 db/unit).  The  mea"  fluctuation  was  0,6  signal  unit  and  the  r.m.s, 
value  slightly  less  than  1.0  unit. 

The  analyses  of  Table  5 indicated  that  indoctrination  presentations  of  the  test 
were  essential  daily  even  with  practiced  listeners r In  this  regard,  the  difficulty 
arose  in  identifying  tone,  and  noise  (see  V for  tone  and  noise  separately.  Table  5;. 

The  tests  cited  above  extended  beyond  the  original  purpose  of  the  development  of 
the  pulse  tests  as  in  instrument  for  determining  threshold  shift  as  a result  of  ex- 
posure to  noise.  First,  the  statistically  significant  fluctuations  of  the  observed 
scores  were  within  the  IrJierent  step-adjustments  of  clinieul  aisdiotneters  (5  db).  Second, 
the  test  operated  systematically  within  a single  experimental  session.  For  example,  a 
rank  order  correlation  between  the  panel  scores  for  tone  and  noise,  dsy  by  day,  was 
rho  z .fw.  Since  the  measurement  of  the  threshold  shift  in  t^rms  relative  to  the  mean 
state  of  hearing  of  a pane]  at  the  cutset  of  an  expei-iin«ntal  session  was  to  be  under 
observation,  the  test  miglit  be  viewed  as  within  satisfactory  limits  of  tolerance,  pro- 
vided the  panels  of  listeners  become  practiced  in  each  session  in  making  the  ider.tifi- 
cations  that  the  test  requires,  Boyonl  the  immediate  objective,  however,  lay  the  more 


far-reacMng  question  of  the  reliability  of  a group  pulse-type  test  and  particularly 
one  that  is  administered  from  recorded  signals. 

Anderson  (l)  employed  a recorded  pulAe-t’/pe  '•'•est  to  screen  the  hearing  of  entering 
■aniYsrsity  The  prccednr*  Is  eornnon.  He  found  that  more  than  half  of  the  ears 

that  did  not  respond  to  the  15  db  screening  level,  (single  presentation)  were  "normi" 
when  retested  'inder  laboratory  conditions,  in  view  of  the  present  restilts  this  finding 
might  be  attributed  to  "no  indoctrination  tiirou^i  practice," 

THF  ADEOUADY  OF  A hUAL  SI3MAL  TEST 


Little  cen  he  pontulatsd  about  the  validity  of  the  present  piilse  test.  An  alter- 
native type  of  mterial  would  be  a click,  possibly  filtered  in  different  manners  and 
pr-esente-i  at  varying  levels.  Hie  present  materials  were  selected  as  correlating  with 
the  audiogiams  (percent  hearing  loss)  of  normal  hearing  subjects,  exposed  to  noise  for 
two  hours.  Subsequently  an  9xperiment,n.l  procedure  indicated  that  subjects  vdio  had  been 
exposed  tc  the  sc  e noise  with  differing  amounts  of  ’protection  responded  to  the  two 
portions  of  the  test  differentially. 


Anderson  (l)  employed  the  test  in  an  evaluation  of  another  pulse-type  test  and 
found  that  both  r)Oi*tion5  of  the  present  test  were  related  on  a statistically  slgiiifi- 
canfc  basis  (when  given  as  monaural  adndnistra'  ions  to  male  university  students  who  had 
fallei’  one  test  of  hearing)  with  scores  obtained  by  cure-tone  audiometry,  500 — 40^0 
c.p.s,  (N,  119  su.bjects,  ?33  ears).  Hewever,  the  relationship  was  "stronger"  bet-’r.'een 
the  CiPcSt  tons  and  the  lower  frequencies  on  the  audiometer  and  between  the  white 

noise  portion  of  the  pulse  test  and  the  higher  frequencies  that  he  tested.  Ocoiss  ou 
the  white-noise  portion  of  the  test  related  significantly  to  scores  on  the  spondee 
speech  reception  test;  scores  on  the  tone  portion  did  not,  Hiis  w.as  another  indication 
that  the  two  types  of  sti.'milus  material  sample  different  aspects  of  the  hearing  function, 
Hov/ever,  other  or  additional  stimulus  signals  might  he  eqmlly  or  more  differentiating. 


RhiiPONbFS  LEVFL 


A further  consideration  in  an  evaluation  of  the  pulse  test  is  the  effect  of  the 
sound  pressure  level  of  the  signal  upon  the  proportion  of  correct  responses.  The  re- 
spense?  to  th<>  individual  items  (in  sound  pressure  level  units)  of  the  15  administra- 
tions of  the  test  to  10  panels,  described  above,  were  plotted.  Figure  3 lo  a coiu- 
posits  cumulative  graph  that  represents  the  responses  of  120-132  listeners  who  heard 
the  test  15  times.  This  plot  indicates  that  nearly  90J  of  the  responses  to  the  highest 
level  of  the  test  were  correct.  Had  only  the  responses  to  trials  6-15  been  considered 
the  value  would  have  exceeded  90%.  The  remaining  includes  incorrect  responses  from 
all  causes:  equipment  failure.  Inadequate  ins tmet ions,  *lost’  on  the  test,  indis- 

position, etc.  The  dat>3,  that  are  summarized  in  Figure  3 were  treated  by  an  analysis  of 
variance  preliminary  to  testing  both  sets  of  rrieans  of  Figure  3 for  linearity  by  I,1nd- 
quist’s  Case  4 (7),  The  preliminary  analysis  is  suMmariz^d  in  Table  6.  An  assumption 
of  linearity  was  not  rejected  in  the  Ins'^ance  ol'  the  responses  to  tone  (F,  1.31;  S and 
31  degi'ees  of  freedom);  however,  by  the  same  test  an  a?s\imptlon  of  linearity  in  the 
of  the  responses  to  noise  was  rejected  (F,  9.90;  S and  31  d.f,).  Degrees  of  freedom 
(d.f.)  in  this  test  are  determined  by  conditions  (levels)  minus  2 (or  10  -2  r 8),  and 
the  renal  nil  er  term  fro.m  a test,  of  "no  difference"  among  the  means  of  the  scores  for 
conditions,  l.s.,  levels  x mn-ls  = 9x9-  SI.  A hypothesis  of  linearity  was  tenable 

whe.n  the  responses  to  the  two  lowest  levels  (-13  au<l  — 16)  were  excluded  from  the  ana'ysis. 

T!ie  curves  In  Figure  3 are  simnar  in  form  to  the  individual  plots  (not  shovm)  of 
the  responses  to  the  15  trials  that  contribxited  to  Figure  3 except  that  the  ceiling  in 
Figure  3 is  attenuated  by  the  limited  ranges  of  Trials  1-5.  The  <‘urves,  separated  hori- 
zoritlally  by  2-2.5  db  throughout  the  greAit^r  part  of  their  gi'owth,  converge  at  the 


hipest  sound  pressure  level,  and  show  on  attenuated  rate  of  decay  in  mean  listener 
scores  near  the  point  of  *no  detection*  In  the  case  of  noise* 

Tlie  tests  ucjre  sensitive  to  the  so'md  press'ixre  level  of  tone  and  noise  and  with- 
in the  range  of  18  db  elicited  in  excess  of  1%  of  the  total  possible  range  of  re- 
sponses (O-lOO^). 

In  the  region  of  threshold  (50  percent  correct  responses)  the  effect  of  a shift 
of  2 db  in  the  level  of  the  tone  or  noise  signal  was  10-15%  identification  (fonind  by 
rendlner  In  onreent  the  difference  between  successive  points  of  meae’jrement  on  the 
sarae  emnre  in  Figure  3)*  Thia,  in  turn,  approximates  the  difference,  nte.r  the  mid- 
range of  the  ciurves,  between  the  propoi'tion  of  correct  responses  to  tone  and  to  noise 
signals  ax  tne  same  level  of  attenuation  (read  in  perceni,  the  uifferenceR  between 
points  of  measurement  on  the  two  curves  at  the  same  level  of  attenmticn  in  Figi^i'e  3y* 

There  are  various  ways  in  which  r.ea sui  ements  that  ore  obtained  by  the  pulse  test 
mi^it  bs  uresenteda  Mean  a-uis'iyer-  of  errors,  mean  number  of  correct  responses,  and  per- 
centage of  correct  scores  are  presented  In  Figuree  1,  2,  and  3 respectivelya  Tentative- 
ly. the  item— by—i tern  aeore  of  a panel  ie  computed  as  weli.  and  the  scores  are  viewed  in 
terms  of  the  relative  rressure  level  of  the  pulses  at  threshold  (50%  correct  score) a 
Since  numbers  of  sivc-rs,  p-e^'ceutage^,  etn..  are  msaniripfiii  only  in  terms  of  the  testing 
InstriLsaut  and  the  singular  conditlou  of  adrairdstration,  and  since  a test  is  typically 
most  sensitive  in  its  midrange,  threshold  (db)  appears  to  be  a promising  unit  in  which 
to  describe  *sh5.ft**,  arsi  to  be  a unit  that  accommodates  both  convention  and  “transfer" 
of  the  findings*  A summary  of  the  data  of  Table  2 and  Figure  1,  converted  to  identi- 
fication threshold,  aprears  in  Table  7*  Tlie  data  of  Table  2 are  subject  to  the  limita- 
tion that  only  one  test  for  indoctrination  or  practice  was  administered*  Since  subsequently 
at  least  five  practice  tests  were  foiuid  to  be  necessary,  the  first  test  that  was  in- 
clinied  in  the  data  of  Table  7 was  the  one  administered  sixth.  i*e*  6u  minuteg. 

An  alternative  manner  of  presenting  measures  is  provided  in  the  following  example. 
Eleven  panels,  each  of  12  listeners,  took  the  pulse  test  two  times  at  the  outset  of 
experimental  sessions,  the  first  time  as  practice.  The  panels  then  1,  participated  in 
inte.lllgibility  testing  tmder  110  db  of  simulated  aircraft  noise,  propeller  type,  for 
30  minutes,  2,  were  re-tested  with  the  pulse  test,  3*  sat  in  quiet  for  three  minutes, 

4*  participated  in  a second  30-mlnuta  period  of  inteLllgibllity  testing,  and  5*  were  re- 
admlnlstered  the  pulse  test*  The  objects  of  this  proced’jre  were  to  find  whether  the 
pulse  test  was  sensitive  to  changes  in  hearing  brouj^.t  about  by  exposure  to  noise  of  30 
minutes,  (if  so)  whether  three  minutes  night  suffice  for  recovery,  and  (if  not)  whether 
a second  exposure  of  like  duration  produced  a cumulative  effect*  The  successive  mean 
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Basic  meaBures  wer*©  meaiE  corroot  responses  ner  pea-Bon.  The  variance  ratio  for 
t-jjatpaa  shcswn  ia  Table  8 vfib  hl^ly  significant*  All  scores  subasyuent  to  the  pre-test 
were  significantly  lower  than  pre-test  scoree  - this  la  spite  of  the  fact  that  "learning,'^ 
or  the  practice  effect,  vais  continuing  throu^out  the  final  (flftla)  administration,  (The 
necessity  for  five  indoctrination  trials  had  net  then  been  established.)  The  contrary 
Influences  of  practice  and  of  the  effect  of  noise  are  confounded  in  the  results  that  are 
Bunaarlsed  in  Table  8,  (Also  the  variability  of  scores  eunong  panels  that  was  dlscuseed 
above  is  noted  again  in  Table  8*)  A modified  treatment  of  the  results  of  the  pulse  test 
was  tried  with  th-aa  data,  in  part  to  cope  with  panel  varitibllity.  From  8C  to  90  percent 
of  the  subjects  who  took  the  test  had  a cut-off  level  above  which  they  made  all  responees 
correctly,  and  belo’./  which  none  wore  cotrect.  The  median  level  of  the  cut-off  item  for  .» 
panel  mi^t  be  converted  readily  :lnto  signal  levs!  through  Figure  3*  The  iwulan  value 
for  several  panels  would  be  expected  to  be  sttible  and  to  provide  a reference  value  to 
which  deviant  panels  mlg^t  be  adjusted*  In  tlie  preset ,t  data  the  means  cited  above  were 
in  close  agreement  with  the  medlars  of  the  cut-off  scores,  pe,nel  by  panel.  For  example, 
the  apparent  decrements  in  hearing  in  the  data  cited  immediately  above  for  the  fii'et  30 
min,  of  exposure  to  noise  were:  tone  0,7,  and  noise  1,3  score  units,  or  1.4  and  2,6  db 

respectively.  In  units  of  threshcl'i  doerementa  (described  above)  the  differences  were 
1.0  and  1*5  gross  score  vuiits  or  2,0  and  3,0  db*  The  coiuparable  estimates,  determined 
by  the  median  cut-off  scores  of  the  subjects  within  a panel  and,  in  turn,  by  the  median 
of  the  panels,  were  1,9  and  2,8  db. 

The  ** median  oi  the  Ind  ivld-us.1  Cut-off";"  when  applied  to  the  repeated  measinies  of 
the  panel  that  took  the  test  12  liniss  on  seveii  days  (above),  yielded  results  that  were 
in  substantial  agreement  with  the  computed  mean  correct  scores.  However,  the  value  of 
trial  variability  was  apparently  augmented  tlirou^  the  use  of  medians.  The  standard 
deviation  of  the  tone  scores  was  increased  from  ,40  to  ,70,  and  of  the  noiee  scores  fPom 
.46  to  .58  Hedianet 
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Trial 
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SD 
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✓ 
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7.5 
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7.5 

8 

8 

,70 

Noise 

5.3 

5 

5.5 

6 

4,7 

6 

6 

6.3 

6 

7 

6 

6 

.58 
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B,  based  on  Trials 
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Days 
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2 

3 
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5 

6 

7 

Tone 

7.7 

6.2 

8 

9 

8 

7.5 

7 

6 

5.5 

6 

8 

7 

5 

6 

Both  treatments,  means  and  cut-off  indicated  that  successive  administrations 

of  the  test,  beyond  the  fifth,  were  sstable  for  a panel  of  listeners,  once  the  test  was 
set  in  operation  for  the  experiment*!  session. 

SUMMARY  (fhrt  l) 

A pulse-tyr*  test  has  been  devised  for  obtaining  from  a panel  of  experimental  sub- 
jects, within  one  minute,  an  approximation  of  the  amouiit  of  temporary  hearing  loas  that 
has  been  occasioned  by  exposure  to  noise.  The  test  Includes  tape-recorded  pulses  of 
500  c,p«8,  and  white  noise,  both  presented  in  10  successive  steps  of  2 db  decrements  - 
a range  of  18  db. 
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1.  Tlie  tvo  portlciis  of  the  tost  appear  to  arrraise  different  aej>ects  of  the 
hearinp  function  and  to  b®  sensitive  to  effects  that  the  test  was  designed  to  measure. 

2.  Five  administrations  of  the  test  are  required  before  reliable  measurements  can 
bo  obtained  from  a gi’oup  of  experimental  subjects. 

3.  The  principal  difficulty  that  is  encounter?!  with  the  test  is  the  securing  of 
stable  results  from  one  experimental  session  to  another.  This  difficulty  presumably 
lies  in  the  control  of  sound  pressure  levels  i.e.*  in  the  playback  instrumentation,  in- 
eltallng  the  methods  used  to  check  sesslon-to-session  presentations. 

Part  II,  (follcving)  cf  this  report  may  be  considered  a further  step  in  the  evalua- 
tion of  the  pulse  test,  and  relative  to  2.  (immediately  above)  implies  that  the  require- 
ments for  "playiiack"  may  exceed  the  limits  of  tape-recorder  reproduction. 

Part  II 

A fulcc  Test  in  Ssroersinc  and  Seleotinn 

Ae  explained  in  Part  I,  the  recorded  pulse-type  test  was  devised  to  evali^ate  an 
effect  on  bearing  of  the  exposui'e  of  ears  to  hi^.-level  noise.  This  meusuiement,  in 
tui*n,  vas  fer  expediency  limited  to  two  signals  (not  the  typical  sampling  of  audible 
frequencies):  5'^^  c,p,s,  and  \dilte  noise.  The  U,  S,  Ilavy  Bureau  of  ^tedicine  and 

Surgery  announced  an  evaluation  of  bearing  tests  foi  selection  and  screening  ptarposes 
at  Gamp  tsje’jne,  North  Carolina,  and  Invited  the  Naval  School  of  Aviation  Kediciue  to 
participate  with  the  pulse  test.  The  invitation  ws  accepted  with  an  explanation  that 
althou^  the  test  vras  pi'obably  not  appropriate  to  this  apr.lication,  the  data  from 
comparison  tests  would  be  tialnful  in  appi-aiaing  "biiB  prcpci'X  ies  of  the  pi\lse  test.  Also, 
for  purposes  of  comparison  the  pul.se  test  .'as  courled  with  a multiple-choice  word 
reception  test.  The  latter  was  extracted  from  Form  C of  the  multiple -choice  intelli- 
gibility test  aeries  (3),  Two  ans’.'er  forms  were  nremred.  illustrated  in  Figures  4 
5. 


Form  1 of  the  answer  sheets  was  rrepared  for  one  ear  and  Form  2 for  the  other  ear. 
The  pulse  test  itself  was  also  adapted.  It  ’.'as  reduced  to  nine  decremental  steps  in- 
stead of  ten  (to  accommodate  the  nine  groupings  of  words  of  the  w Ci d— reoepticn  tcat)j 
the  steps  were  of  four  db  instead  of  tvo;  and  of  principal  impoi'tance,  the  test  was  for 
monaural  administration  Instead  of  binaural.  Six  orders  of  the  pul.se  piwsentations 
were  prepared.  These  were  interspersed  on  a magnetic  tare  recoi'ding  betweeu  the  s.ix 
successive  word  lists.  The  words  were  read  (recorded)  by  one  voice;  and  within  each 
"block"  or  set  of  nine  3-word  groups,  the  successive  groups  of  words  were  equated  In 
sovmd  pressure  level  with  the  nine  steos  of  the  pulses.  Thus  successive  groups  of  words 
represented  a series  of  four-^ib  decrements.  The  entire  test  (two  forms)  required  25 
minxrbes  for  administration,  T)ie  equlrment  for  administering  the  ^est  inclxided  a mag-- 
netic  tape  playback  unit  (Stancil  Hofiman)  and  'neadsets  (monaural,  PDR-3)  for  25 
listeners,  Pl.ayback  level  set  relative  to  a 1000  c,p,s,  tone  recorded  on  each  test, 
Tn  pract.Lce,  because  of  "time  limits"  three  tests  instead  of  six  were  adnlnistsrt?d  tc 
each  ear  of  the  experimental  3ub.jects,  and  alternate  Forms  1 or  2 waa  uaed  at  the  dis- 
cretion of  the  operator,  who  attempted  to  employ  the  two  forms  approximately  the  same 
nuunber  of  times. 


Otbar  te.st.s  that  were  included  in  the  battery  cf  Camp  Lejeune  test  were  1«  the 
"New  Loridon  tost,"  2.  the  "Glorig  test,"  and  3.  an  audiometric  threshold  test.  The 
answer  sheets  from  all  of  the  test  were  obtained  by  the  Acoustic  Inboretory  after  on- 
the-spot  evaluation  was  made,  and  with  the  help  of  the  Psychology'’  Liboratory  of  the 
School  of  A’viatlcn  Medicine,  the  test  were  compared,^  All  data  were  entered  on  IBM 


T!ie  analyses  and  ccaripi'taXiicne  that  follow  wi^ro  rade  by  LCDR  Nccdbiu*y  Johnson  of  the 
Aviation  Psychology  Laboratory  of  the  Na’val  School  of  Aviation  biediclne. 
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cards*  Ccanputationa*  except  for  final  steps,  were  performed  oa  IBM  equipment. 

It  is  note  worthy  that  all  of  the  teste,  except  the  standard  audlometric  one, 
relied  on  recognition  and  auaaatlon  of  pulses  on  the  part  of  tlie  listeners.  The 
Glorlg  test  is  a aeries  of  groups  of  pure-tone  pulses  of  varying  freciuenciee.  This 
test  Is  distinguished  by  automatic  programming,  A vlsvial  altering  signal  indicates 
where  to  enter  such  experience  on  the  answer  sheet.  Both  ears  are  testbed  monaurally 
in  one  adminit' oration  of  the  tost,  and  the  tests  sample  the  fTequenclea  of  the  speech 
range. 

The  Now  London  test  is  a presentation  of  pulses  in  a jjre-set  sequence  from  an 
audiometer j sasually  controlled. 

The  pure-tone  audiometric  test  is,  of  cenirse,  standard. 

Both  tho  Glorlg  and  the  New  London  tests  yielded  arbitrary  pass-fail  scores.  With 
the  GTorig  test,  as  administ€ii=^,  th®  indiTidts.1  passed  or  felled:  with  the  New  London 
test  each  ear  passed  or  failed.  One  interpretation  from  the  pure-tone  audlometric  test 
was  a cai«rulatsd  ’’hsaring-lose"  score  for  each  ear  according  to  the  wei^tlngs  and 
averaging  procedures  ef  the  American  Medical  Association  (except  that  these  eoaprataticns 
are  normally  applied  only  to  the  "better  ear”), 

irorm  1 was  administered  to  190  persons;  7onn  2,  to  297,  TVie  three  variables  or 
stimuli  of  the  test  were  scored  cscarately  for  e«ch  ear,  both  total  "ri-^t"  score  end 
a "cut-off*  score  for  each  "blocTk"  (see  Figure  4),  The  "cut-off**  score  was  the  "last 
item  rl^t"  within  a "block"  in  the  Instence  of  tone,  and  J3p4fi&  the  last  item 

within  a list  to  have  two  of  the  three  vords  ri^t  hi  the  instance  ef  w'ord  rec.eptloB, 

The  scores  foj*  a block  were  summated  threu^  three  blocks  to  yield  a score  for  an  ear. 

The  mean  values  fw  the  right  and  cut-off  scores  are  enumerated  separately  by  eers 
and  for  Forms  1 and  2 (both  separately  and  combined ) in  Table  9.  The  maximum  peseibl* 
value  for  noise  and  toM  was  27  and  foi*  words.  81,  Since  the  subjects  had  "nornal" 
hearing  the  AHA  scores  have  limited  meaning,  as  this  scoring  procedure  asBumes  a hearing 
less  of  some  proportien.  possibly  25,  40,  or  505f  in  at  least  one  ear.  Thus  scores  that 
average  4 and  5$  would  be  in  the  tail  of  the  dietributiona  that  gave  iiee  tc  the  pro- 
cedure. 

The  data  were  treated  with  corrulation  techniques.  T*csuiis  are  eumniarized  in 

Tables  10-11,  The  «ntrieB  in  Table  1C  are  uniformly  hi^'y  significant  statistically 
except  for  some  of  the  correlations  involving  the  AMA  scores.  Correlations  of  .95  - .99 
between  "score"  and  "cut-off*  indicate  that  they  wore  equally  good  indices  of  per- 
formance in  apta*8islng  the  reception  of  pulses  of  noise  and  tone.  In  the  instance  of 
wer-ds  - however-  score  coiTelated  numerically  higher  with  the  other  obtained  measures 
than  did  cut-off. 

The  correlations  pertaining  to  the  left  ear  tenried  to  be  numecrically  hi^er  than 
those  related  to  the  ear,  Tliis  difference  visa  statistically  significant  in 

meesures  that  dei'ived  from  words . Since  the  left  ear  was  alv’aya  tested  second  the 
assumption  Is  rade  that  learning  occurred  during  the  adminis'C.retion  of  the  test,  and 
that  either  worr'  receptior,  rer  impi'  Ov'6Ci  that  instructions  were  followed  more 
correctly  during  what  amotanted  to  the  second  half  of  the  test  than  during  the  first 
half. 


llie  entries  of  Table  10  show  that  the  correlations  that  related  tc  Form  1 were 
numerically  (ani  frequently  significantly)  higher  than  the  comparable  mearu.'  e relative 
to  Form  2,  Table  9 shows  also  that  the  mean  scores  attending  Form  2 were  numerically 
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hie^sr  than  those  of  Form  i.  A check  of  the  rtcoruin^  idth  the  Soxmd  Af;iparatus  Co, 
Txjver  level  recorder  and  Audio  Devices  Logger  revealed  that  the  signal-reference  tone 
ratio  was  apparently  0.7  db  greater  in  2 than  Form  1.  (This  "error"  checks  in 
magnitude  with  values  of  Figure  3>  and  irrplles  that  the  diurnal  variations  in  the 
scores  of  Part  I of  this  report  are  within  the  operating  efficiency  of  tape  reproducers 
and  panel  meters.) 

In  view  of  the  foregoing  discussion^  the  evaliJation  of  the  pulse  test  might  be 
based  on  the  acre  representative  values  that  were  obtained  in  these  trials,  on  scores 
^ (not  *cut-off”).  Form  1 (not  Fora  2),  and  j,eft  ear  (not  r,idit).  These  three  values 
are  underlined  in  Table  2*  Specifically,  tone  ccrrclates  with  noise  and  words,  re- 
spectively, .75  and  .68}  nolt^e  correlates  with  words  . ,78,  The  coi  relatiouf,  with  words 
ere  believed  to  be  higher  tlan  have  been  reported  previously  (l). 

Table  11  presents  correlations  between  the  scores  of  the  two  ears  of  the  same 
listener.  These  values  were  rreBiJonably  attsntwted  by  the  discrepancy  between  ears 
thet  appeared  in  Table  10,  Inasmuch  as  the  two  ears  oh  a listener  are  commonly 
dissimilar,  the  values  cannot  be  regarded  ss  a set  of  "split-iiaii"  curreiaiicus.  It 
luay  be  noteworthy  that  the  highest  cor?.*elation3  pertain  to  word  reception  scores  be- 
tween the  two  ears — a test  that  relate  to  intelligence,  educational  achievement, 

etc.  However,  in  like  rnannex  it  is  aprarent  that  in  each  column  the  hipest  pair  of 
correiations  is  associated  with  th©  two  row  headings  th^at  are  like  the  colxunn  heading. 
Thus,  tone  "score*  in  one  e-ir  correlates  iiigiiest  with  tone  "score"  and  "cut-off"  in 
the  other:  noise  "eccra"  en-d  "cut-off  etc.  This  indicate  that  the  identification 

of  a clgnal  of  a particuJ.ar  typo  1»  an  Individual  skill  . 

The  only  att«npt  Uiat  was  made  to  correlate  the  test  under  discussion  with  the 
audiograms  of  the  subjects  was  throu^  the  AMA  interpretation  of  the  audiogram.  These 
correlations  appear  in  Tables  10  and  11.  Tlie  generally  low  values  are  possibly  at- 
tributable to  the  limltsd  range  of  the  AHA  scores,  explained  above,  Tnere  is  the  con- 
trary observation,  however,  that  tiis  AHA  scores  of  the  two  ears  correlated  ,62,  This 
significant  correlation  nd^t  indicate  tiiat  the  AHA  scores  were  more  valid  than  this 
discussion  would  Indicate. 

The  various  measures  that  were  obtained  for  tho  two  ears  were  correlated  throu^ 
biserlal  correlation  with  the  arbitrary  naea-fallL  categories  of  the  Glcrig  test, 

N z 486,  The  correlations  were  low,  but  were  statistically  significant,  under  the 
asBuaption  that  £ bis  = £.  Trie  higgler  ccrrc.latlon«  were  again  associated  wJ.th  the 
'■  'f  or  the  more  practiced  ear. 


Tone 

Tone 

Noise 

Noise 

Words 

Words 

Score 

"Cut  off" 

Score 

"Cut  off" 

Score 

"Cut  off" 

Right  ear 

.17 

.13 

,26 

.26 

.21 

.19 

Left  ear 

•■^4 

.23 

.^0 

.30 

*2^ 

,24 

These  same  measures  were  correlated  blserially  with  the  pass-fail  categories  of 
the  New  London  test  for  each  ear,  M « 489,  Again,  under  an  assumption  of  tjquallty  of 
£ and  £,  bis  all  of  the  correlabions  were  significant  with  the  possible  exception  of 
tone  la  the  right  ear.  T^iese  correlations  were  uniformly  higher  with  the  left  ear  than 
with  the  r-i^t  e.ar.  In  this  instance  two  "practice"  effects  laay  have  operated.  In 
both  tests  the  right  ear  was  tested  first.  The  relative  reliability  between  measures 
of  the  "first  ear"  aixi  "second  ear"  in  "quick"  audiometry  ray  be  reflected  in  tho 
statistically  slgTiificant  difference  between  the  "right  ear-right  ear"  and  the  "left  ear- 
left  ear"  values  (irrimed lately  above)  relative  to  tone . 
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Tone 

Tone 

Noise 

Noise 

Wor 

'ds 

Words 

Sc'^re 

Vp/ttV 

Score 

"CtTt  off" 

Score 

"Cut  off" 

L Fi 

L 

R 

L 

R 

L 

R 

L 

R 

L 

R 

ear  (New  London) 

,21  ,G8 

.19 

»C8 

.35 

,28 

.35 

.29 

.26 

.24 

,25  .20 

ear  (New  London) 

.24  ,U 

*23 

.13 

.38 

.28 

*39 

.27 

.27 

.21 

,26 

.16 

The  two  Rets  of  coiTelatlons  cited  above,  ”5711186  test  vg_.  Glorlg"  and  "pulse  test 
2£*  dew  London,*  are  of  tlio  sarne  order  cf  nagni+vde*  This  was  not  to  be  expected.  The 
Glorig  pnss-fe^l  scores  were  dotex’mined  binaurall.y,  axid  the  pulse— test  scores  mon- 
aurally*  The  former  would  yield  the  same  resHt  Irrespective  of  which  car  was  "poor." 
This  would  bo  expected  to  attenuate  the  correlation  coefficient  lu  a cciaparlson  with  a 
monaural  test*  The  New  London  "pass-fail"  scores  were  monaural  scores*  Thus  the  "pulse 
test  vs.  New  London"  correlations  were  based  on  the  same  ears* 

A tetraehoric  correLatlon  was  performed  or  lli«  uina'Oial  pass-fail  Glorig  scores 
ana  the  monaural  pass-fall  New  London  scores.  Those  correlations  were,  r tet  - 
.49  for  the  right  and  left  eai  B respect  iveiy  (N,  ^ Both  values  were  of  a hi^er 

order  of  magnitude  than  the  similar  ccrrelaticn  of  these  tests  witli  the  pulse  test, 

SUr'diRI  (Part  II) 

The  pulse  test  was  modified  and  coupled  with  a word  reception  test  in  a manner  to 
permit  12  administrations.  Six  of  thtsse  were  designated  Form  i,  and  the  resaining  ones 
Porm  2,  The  fact  that  in  the  construction  of  the  forma  a difference  of  0,7  db  occtirred 
between  the  level  of  the  reference  tone  and  soimd  pressure  level  of  the  test  iteins  was 
apparent  in  the  scores  that  the  two  forms  yielded. 

Alteriiative  procedtues  of  scoring  the  pulse  test,  "cut-off  scores"  "ri^.t- 
scores,"  did  not  yield  different  results. 

The  scores  for  the  ear  tliat  was  tested  second  wex-e  higher  than  for  the  ear  tested 
first . 


Thus,  the  most  representative  scores  oc  ■‘he  test  were  assiomed  to  be  1.  ntnnber  right 
(tone,  noise,  words),  2,  practiced  ea-r,  3*  Form  1 (the  hlj^er  level  by  0,7  db).  These 
scores  correlated  with  each  other,  r ,68  - *78, 

Compe.rison  puj.8e-type  tests  triat  sampled  the  fi*equencles  of  the  speech  range  corre- 
lated with  ^ch  other,  r tet  *49  and  *65,  and  with  the  present  pulse-word  test,  £ 

.24  — .38. 

The  merit  of  tha  cresent  pulse-a-'ord  test  as  a selection  device  deperids  upc-n  the 
value  assigned  the  nresent  word-reception  test  as  a criterion  measure. 
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Table  1.  Sunanary  oi'  three  analyaes  of  variance  of  error 
scores  of  listeners  who  heard  the  pulse  teat  1.  before,  2.  at 
Intervals  during,  and  3.  after  exposure  to  12C  min.  of  noise. 
Basic  measure:  number  of  errors  (of  a possible  10)  made  by  one 

listener  when  responding  to  one  tvpe  of  pulse  in  an  administra- 
tion of  the  test.  N,  subjects,  2o  who  wore  no  headsets  In  noise, 
28  who  wore  one  earphone,  2d  who  wore  two  eorphones. 

Variance 


Source  of  variation 

d.f  .* 

Headset 

One  earphone 

No  heads 

Trials  (T) 

13 

11 . 1** 

IK  0 -»  » 

- w'  ♦ 

if  0 • ^ ^ 

Type  of  pulse  (P) 

•» 

A. 

8.0 

8.0 

249.0** 

Subjects  (S) 

27 

123.5** 

83.8** 

97.9** 

T X P 

13 

« f 

27.9** 

5.2 

T X S 

351 

2.2 

2.6** 

3.1 

P X S 

21 

25.5** 

20.8** 

7.:** 

T X P X S 

351 

1.2 

,5 

^ . 1 

degi'ee.i  or  freedom. 


one 


» « 


F,  significant  at  the 


percent  level  of 


confidence . 


Table  2.  Mean  number  of  errors  (of  possible  10)  made  by  28  llntenera  in 
each  of  14  admlniatratlona  of  500  c.p.s.  and  whlte-nolse  portions  of  the' pulse 
test.  Three  conditions  of  ear  protection. 


Headset  Condltlona 


KS 

One 

Earphone 

NO 

Headset 

Test 

No. 

. i.::  e 

(Min.) 

Nolae 

Tone 

Mean 

Noise 

Tone 

Mean 

Noise 

Tone 

Mean 

1 

0* 

5-11 

4.74 

. ft"? 

07 

-/  • -7  1 

r\r\ 

^ • :7^ 

3.69 

k n 

t ,:ji 

4 .00 

2 

15 

4.70 

5.11 

4.91 

3.69 

3.72 

3.71 

5-28 

•^.70 

ii . 

3 

30 

5.07 

5.19 

5.13 

4.45 

4.00 

4.23 

5.38 

3-79 

4.59 

4 

45 

4.96 

4,73 

4.87 

4.34 

3.62 

3.99 

5.45 

3.93 

4.69 

5 

60 

5.07 

5.30 

5. 19 

4.45 

4.07 

4.26 

5 = 90 

4 i 59 

c;  oil 

6 

75 

5.19 

5.67 

5.43 

4.21 

4.21 

4.21 

5.38 

4.31 

4 .85 

7 

90 

5.26 

5.63 

5.45 

4.38 

4.38 

4.38 

5.72 

4 . 79 

5.26 

8 

105 

5.81 

6.11 

5.97 

4.79 

5.07 

4.93 

6.07 

4.90 

3.^9 

9 

120** 

5.59 

5 •85 

5.72 

4.66 

4.45 

4.55 

6.79 

4.86 

5.83 

10 

123 

5.78 

6.22 

6 . 00 

4.59 

4.31 

4.45 

5.83 

4.72 

5.28 

11 

126 

5.22 

5.37 

5.30 

3.69 

3.07 

3.38 

5.10 

3.79 

4.45 

12 

129 

5.00 

5.19 

5.10 

3.31 

3.31 

3.31 

4.59 

3.86 

4.2:5 

13 

132 

4 . 56 

4.74 

4.65 

3.55 

3.52 

3.54 

4.34 

3.10 

3-73 

14 

135 

4.37 

4.67 

4.52 

3.38 

2.83 

3.11 

3.93 

3.17 

3.55 

* pre-r.olse;  one  practice  test  preceded  this. 
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Table  4.  Summaries  of  analyses  of  variance  of  the  mean 
scores  of  panels  of  listeners  on  the  noise  and  tone  portions  of 
the  pulse  test  on  repeated  trials.  Degrees  of  freedom  (d.f*), 
shown  in  parentheses  after  variance  (V),  Indicate  aucearlve 
stages  In  "selecting"  data. 


Source  of 
variation 

Trials  (T) 

Panels  (P) 

Noise-Tone  (NT) 

T X P 

T X NT 

P X NT 

^ ^ O ^ 

X wv  L ^ L 


^czkkx:  AO  • 

trials  I-I5 

7 .27(  lii'. 

• \ • 

24.36(9)** 

41.74(1)** 

.04(126) 

.21(14) 

11.47(9)** 

.41 ( 126) 


Variance 

7 panels i 
trials  1-16 

5.43(14)** 

8.59(6) ** 

li0.02( 1)** 
.23(84) 
.36(14) 

1.43(6)** 

.25(84) 


7 ^janels  j 
trials  6-I5 

.52(9) 

5.95(6)** 

80.26(1)** 

.27(54) 

.33(9) 

.83(6)* 

.30(54; 


**?,  significant  at  the  level  of  confidence. 


« 


p V approximately  at  the  5%  level  of  confidence. 


Table  5-  Siintnarles  of  analyses  of  variance  of  scores  on 
the  pulse  teat  of  one  panel  of  nine  listeners,  on  each  of  seven 
days.  Total  scores,  noise  scores,  and  tone  scores  analyzed 
separately. 


Variance 


Source  of 
variation 

d . f . 

Entire  test  Tone  only 

Noise  only 

Days  (D) 

6 

18.13--  9.64** 

9 . 99** 

Repetitions  (R) 

11 

3.15«*  2.99** 

r* 

Nolse--Tone  (NT) 

1 

39. 34**^ 

D X R 

66 

1.05  .88 

.56 

D X NT 

6 

l,4o 

R X NT 

11 

bo 

o 

D X R X NT 

^■6 

rt  O 

* 

P,  significant 

at  the 

1%  level  of  confidence. 

Table  6.  Sunmaz*y  of  an  analysis  of  variance  of  the  scores 
obtained  on  two  portions  of  the  pulse  test  at  IvO  Isvels  (see 
Figure  3 for  rsflevant  means).  N,  120-132;  15  trials. 


Source  of  variation 
Noise-Tone 
Levels 
Remainder 


d.f. 


Varlanc?? 


1 


9856.08** 


9 50505.60** 

9 625.51 


*»F,  significant  at  the  one  percent  level  of  confidence. 


Table  7.  Threshold  (50  percent  Identification)  In  db  during  and  after  exposure  to 
noise  for  120  minutes. 
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Table  8.  SurT5r*ary  of  an  analysis  of  variance  of  the  mean 
responses  of  11  panels  of  llstoners  to  four  administrations  of 
the  pulse  test  Interspersed  with  noise. 


Variance 


Source  oi  variatior 

d.f . 

Tone 

N u i 3 e 

Tests 

_) 

1.21** 

3.72* 

Panels 

10 

3.38** 

.77* 

Remainder 

30 

.36 

.22 

significant  at  the  one  percent  level  of  confidence. 


deviations,  (figures  in 

type  and  muitlple:chi-lcr;;;3:p;je;M=n 


Plight  ear 
5<^o  cps 
’’Score” 
"Cut  off” 
Noise 
"Score" 
"Cut  off" 
Words 
"Scor^*" 
"Cut  off" 
Am 

Left  ear 
^0'  cpa 
"Score" 
"Cut  off" 
Noise 

If  ^ - It 

c>core 
"Cut  off” 
Words 
"Score” 
"Cut  off" 
AMA 


Form  1 
N,  190 

Form  2 

H,  297 

Combined 
N,  487 

13.13(4.31) 

1 4 1 1^.'  ii  Rt  \ 
- 

15.34(4.47) 

16.08(4.47) 

14.50(4,72) 

1 C.  -50/  ll  Tr,*^ 

17.34(4.65) 

17.89(4.50; 

18.52(4.30; 

19.03(4.22) 

18.06(4.47) 

18.58(4.37) 

23.12(9.92) 

11.58(5.65) 

4.84(6.99) 

25»~‘''(  i0,2l) 
1 0 rtni  c or\  \ 

3.35(<i.?7i 

24.42( 10.15> 
11.00(5.44) 

3.93(5.78; 

13.52.(4.80) 

14.19(4.92) 

I5.44r4.28> 

16.00(4.20) 

14.69(^.62) 

15.30(4.58) 

16.66(5.08; 

17.05(4.99} 

18.69(4.26) 

19.23(4.18) 

17.90(4.70) 

13.33(4.6?' 

26.73(11.94) 
12.541'^  c;q> 

'5^^49(7^12) 

29.90( 11.78; 
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4.43(5.98) 
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FIGURE  2.  INTELLIGIBILITY  SCORES  OF  A BROAD -BAND  AND 
A NARROW-SAND  MICROPHONE  (POOLED)  OPERATING  IN  SIX 

SIGNAL  TO  NOISE  RATIOS. 


INTELLIGIEHLITV  SCORE 


NARROW  EAND  HEAC/SET 

BROAD  SAND  HEADSET 


O I 1 1 1 1 I L 

-4  -2  0 +2  44  46 

SIGNAL-TO-NOISE  RATIO  (db) 


FIGURE  3.  INTELLIGISILITY  SCORES  OF  A BROAD- BAND 
AND  A NARROW-BAND  HEADSET  OPERATING  IN  SIX  SIGNAlt 
TO-NOISE  RATIOS. 


Flgur*  4.  Liit*R*r  i^aponae  Fom  1 

InwUlJiblU^rftatc  JnS  tJ.t 


TtST  NO. 1 


Tt57  NO. 2 


TEST  NO. 3 


HEARING  TEST  RECORC 


N»WS.»»0  CNJ»T*^ 


5.  Mst«n»r  r««p(ma«  Fo?w  2.  adopted  trus\  c of  t».»  Muittnia-rh^i.^ 
iBtaUlglbm^rfaata  snd  fr««  th*  ViT.i  test. 


TtST  NO. 7 


TEST  flO.8 


TEST  h!  .» 


HEARING  TEST  kECORO 
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